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Phase-locked loop Training data for ANN Symmetry and coupling Lack of c33 jump Resolving the origin of jumps Compositions of resonances Resistance measurement Possible effects from parasitic antiferromagnetism Table S1 . Calculated discontinuities ("jumps") in elastic moduli for one-and two-component OPs in a tetragonal system. The traditional method to track resonance frequencies with temperature in RUS is to fit a Lorentzian to find the resonance, and this requires measuring the spectra in a small frequency range around the resonance at every temperature. For our RUS measurements, we use a phase-locked loop (PLL) to track resonance frequencies as a function of temperature, which eliminates the need to scan over a frequency range at every temperature. PLL comprises a lock-in amplifier coupled to a PID controller. Lock-in measures amplitude and phase of the response at the drive frequency, and the PID controller adjusts drive frequency so as to maintain the phase at a setpoint. We typically choose the phase setpoint to coincide with the peak of the resonance since the phase changes most rapidly there. We find that compared to traditional RUS, PLL tracks resonances with higher sensitivity and the standard error is lower by a factor of 30 (see Figure S1 ). As there is no need to do a frequency scan and perform a Lorentzian fit at every temperature, this is also a faster measurement yielding ∼1000 times more points per unit temperature. To the best of our knowledge, a phase-locked loop technique has never been employed before in resonant ultrasound spectroscopy studies.
Training data for ANN
We generate simulated RUS spectra for training the artificial neural network (ANN). We first solve the 3-D elastic wave equation using input parameters-density of sample, elastic constants and dimensions-which are chosen from a range that bounds our experimental uncertainties, to obtain the first N lowest frequency resonances and their compositions (α ij = ∂(ln f i )/∂(ln c j )) in terms of the six independent elastic constants. We expect different sets of jumps in moduli (∆c j /c j ) for one-and two-component OPs (see 'Symmetry and Coupling' section for details), which translate into different sets of jumps in resonance frequencies(∆f i /f i ) for the two OP types. Experimentally, some resonances are too noisy to be measured through the transition, and to account for that, we delete a random number (k) of jumps from the the list of N consecutive ∆f i /f i . We then choose the first n jumps to constitute a training data set, where n is the number of jumps measured in experiment. 
( 1) where the strains are written as the irreducible representations of
We consider integer representations of D 4h in the following calculations. Half-integer representations have been addressed at the end of this section.
Following Landau theory, near a phase transition, an order parameter(OP) η is introduced whose contribution to the free energy density is
For a two-component OP (η x , η y ), this becomes
with a = a 0 (T − T HO ), and a, b, b 0,1,2 > 0. With strain-OP coupling(F c ), the total free energy density becomes
The coupling between OP and various symmetry strains leads to the corresponding elastic constants getting modified in the ordered state. Since the free energy density must transform like the identity A 1g representation, only those couplings are allowed in F c which transform as A 1g under symmetry operations of the tetragonal(D 4h ) group. One Table S1 . Calculated discontinuities ("jumps") in elastic moduli for one-and two-component s in a tetragonal system. symmetry objects, we expect a two-component OP to couple to B 1g and B 2g in addition to the two A 1g strains. None of the OPs can couple to Eg .
Written explicitly, the coupling free energy reads
for one-component OPs and
for two-component OPs in a tetragonal system. Clearly, for non-zero discontinuity("jump") in a particular moduli c µ , there needs to be an allowed coupling term between the associated symmetry strain µ and the order parameter.
As a concrete example, we consider a two-component OP ( η x , η y ) of E-symmetry and calculate jumps in the various moduli. Minimizing F d 0 gives two distinct equilibrium OPs depending on the relative magnitudes of b 1 and b 2 . but does predict a jump in c 44 , which we also do not observe. If, however, the hastatic order only forms bilinears at finite q, then it will predict no jumps in any of the elastic moduli.
Lack of c 33 jump
In our experiment, we do not see a discontinuity in c 33 elastic constant, although it is expected for an one-component OP. From Supplementary Table S1, the three A 1g jumps can be related as
Experimentally we measure relative jumps( ∆c c ), which can be related by rewriting Equation 8 as
Using the known jumps in (c 11 +c 12 )/2 and c 23 (see Figure 2 of ≈ 4 × 10 −7 , which is an order of magnitude below our experimental resolution. This explains the lack of c 33 jump in our experimental data.
Resolving the rigin of umps
The elastic moduli discontinuities predicted by gη This confirms that the moduli jumps we see originate from strain-order parameter coupling terms of the form gη 2 , and hence our measured jumps constrain the order parameter in URu 2 Si 2 to be one-component.
Compositions of esonances
The irregular shape of the higher quality sample S2 prevents directly inverting the frequency spectra to calculate the elastic moduli and the compositions of the frequencies in terms of the moduli (α ij s). To estimate the compositions, we use the known temperature evolution of the 6 elastic constants between 145K to 25K to fit the change in frequencies as the sample is cooled in this temperature range ( Figure S4 ). This helps us ensure that the sample S2 has in-plane shear (B 1g and B 2g ) modes in our experimentally accessible frequency range, and hence the data we obtain should allow us to distinguish between oneand two-component order parameters.
Resistance measurement
We checked the quality of sample S2 by measuring its resistance from 300K down to 2K, as shown in Figure S5 . The Kondo crossover is seen around T * = 75K and the resistance shows a sudden increase at the HO transition, consistent with previous reports. We use the feature near the hidden order transition to determine T HO = 17.52K for this sample. This value of T HO [4 ,49] confirms the higher quality of S2 compared to S1.
Possible effects from parasitic a
Under hydrostatic pressure, URu 2 Si 2 undergoes a transition into a large moment antiferromagnet (LMAF) phase. Even at ambient pressure, URu 2 Si 2 samples are known to host some amount of this parasitic AFM phase, arising from inhomogeneous strain in the sample [58] . The AFM phase shows a large discontinuity in the modulus c 11 [59] . One could imagine that the jumps we see at T HO are arising from the presence of this parasitic AFM phase, in particular for sample S1, since it has a suppressed T HO = 17.25 K, compared to the standard T HO = 17.5 K. To confirm that we are seeing discontinuities from the HO phase, we obtained the highpurity sample S2, which underwent solid-state electrorefinement, and has T HO = 17.5 K.
It can be seen that sample S2 shows the same distribution of jumps as S1 (see Figure 4 of the main text). This rules against any parasitic effects leading to the jumps, since these samples must have very different concentrations of AFM puddles in them. Additionally, we note that the elastic anomalies due to strain-induced AFM should appear at T N , which is a different temperature than T HO . We see only a single transition, as evidenced by a single jump in A 1g moduli and a change in slope in the shear moduli, all happening at the HO transition temperature (as defined by resistance measurements shown in Figure S5 ). If the elastic anomalies were to arise from strain-induced AFM, we would expect these signatures of the phase transition to show up at a different temperature than exactly T HO (or more likely, a distribution of temperatures, since the strain relaxes over a finite lengthscale away from the parasitic regions). We resolve a sharp (∼ 100 mK) transition, and hence if there
were two transitions, we should be able to see them.
The fact that our results are consistent between sample S1 and S2, and we see only a single sharp transition at precisely T HO , confirms that the elastic discontinuities are from the HO transition, and not due to strain-induced AFM.
We compare data between fitting Lorentzian(traditional RUS) and phase-locked loop(PLL) for the same resonance frequency as sample is cooled through the hidden order transition. Data taken with PLL has lower fluctuations and a much higher density of frequency points.
Fig. S1. Resonant ultrasound using phase-locked loop.
A clear discontinuity can be seen in all three resonances and a small peak-like feature can be seen in the attenuation at T HO . The lack of any large temperature-dependent feature in the attenuation rules out anomalous order parameter dynamics interfering with our results. 
1.25
Inset shows the feature at hidden order transition, from which we determine T HO = 17.52K for this sample. 
